Abstract Acs2p is one of two acetyl-coenzyme A synthetases in Saccharomyces cerevisiae. We have prepared and characterized a monoclonal antibody specific for Acs2p and find that Acs2p is localized primarily to the nucleus, including the nucleolus, with a minor amount in the cytosol. We find that Acs2p is required for replicative longevity: an acs2D strain has a reduced replicative life span compared to wild-type and acs1D strains. Furthermore, replicatively aged acs2D cells contain elevated levels of extrachromosomal rDNA circles, and silencing at the rDNA locus is impaired in an acs2D strain. These findings indicate that Acs2p-mediated synthesis of acetyl-CoA in the nucleus functions to promote rDNA silencing and replicative longevity in yeast.
We have investigated the localization of Acs2p and its role in RLS. A novel monoclonal antibody specific for Acs2p demonstrates nuclear localization of Acs2p using cell fractionation and immunofluorescence localization approaches. The RLS of an acs2D null strain is significantly shorter than that of wild-type (WT) and acs1D strains. Consistent with this, levels of extrachromosomal rDNA circles (ERCs) are elevated in seven generation old acs2D cells, and silencing at the rDNA locus is impaired in an acs2D strain. We also investigated modification of Acs2p by acetylation at lysine-637 based on previous studies [10] [11] [12] , but found no evidence for this modification. These findings broaden our understanding of yeast Acs2p function to include roles in silencing at the rDNA locus and in promoting replicative longevity in yeast.
Materials and methods

Yeast strains
T2-3D (HO/HO ACS1/ACS1 ACS2/ACS2) is a homozygous diploid strain [13] , from which strains GG621 (HO/HO acs1::APT1/acs1::APT1 ACS2/ACS2) and GG625 (HO/HO ACS1/ACS1 acs2::Tn5ble/acs2::Tn5ble) were derived [14] . The following strains were obtained from EUROSCARF: BY4741 (MATa his3D1 leu2D0 met15D0 ura3D0) hoD:: KanMX4, BY4741 acs1D::KanMX4, BY4741 sir2D::Kan-MX4, and BY4743 (MATa/a his3D1/his3D1 leu2D0/leu2D0 lys2D0/LYS2 MET15/met15D0 ura3D0/ura3D0) ACS2/ acs2D::KanMX4. Yeast were grown in YPD-, YPE-, or YPAG-media containing 2% glucose, 2% ethanol, or 1% potassium acetate plus 1% glycerol, respectively [15] . The aminoglycoside antibiotic G 418 sulfate (Geneticin) was used at a final active concentration of 250 lg/ml.
Strains YJPA56, YJPA57, YJPA58, and YJPA59 were prepared by transforming BY4741 hoD (WT), BY4741 acs1D, BY4741 sir2D, and BY4743 acs2D/ACS2, respectively, with plasmid pJPA118 that was linearized with SfiI. pJPA118 contains a complete 9.1 kb rDNA repeat (with XmaI endpoints) and was constructed by inserting an XhoIBamHI fragment from pJPA105 [16] into pRS306 [17] digested with XhoI and BamHI. YJPA59 was sporulated and dissected on YPAG agar. Heterogeneity in haploid colony size was observed following dissection of YJPA59 tetrads, which may reflect the presence of uncharacterized mutations in the ACS2/acs2D strain. One of the large Ura ? G 418 resistant acs2D haploid colonies was isolated as YJPA59 and used for the pin stamp experiment in Monoclonal antibody production and library screening Monoclonal antibody (mAb) 40E10 was generated against a nucleolus-enriched fraction prepared as described [18] . Mouse immunization, hybridoma cell culture, and antibody production were done using standard methods as described [19, 20] in conjunction with the Hybridoma Core Laboratory at the University of Florida Interdisciplinary Center for Biotechnology Research (UF ICBR). A yeast genomic library (Clontech) in the expression vector kgt11 was screened using standard techniques with mAb 40E10 ascites fluid diluted 1/1000 as described [19, 20] . k DNAs from positive clones were amplified by PCR from purified plaques and sequenced using primers flanking the EcoRI site as described [19] . Escherichia coli strain Y1089 was lysogenized with a positive clone and used to prepare a protein lysate for SDS-PAGE following induction of protein expression with 1 mM isopropyl thiogalactopyranoside.
Gel electrophoresis and blotting
Protein extracts from whole cells and subcellular fractions were prepared as described [18] and separated by SDS-PAGE using Criterion gels (Bio-Rad Laboratories). Western blots were prepared by semidry transfer to nitrocellulose membranes [21] and probed with mAb 40E10 ascites fluid diluted 1/10,000 followed by ECL detection [22] .
DNA was extracted from yeast cells using a glass beads/ phenol method, digested with PstI (New England Biolabs), analyzed in 1% agarose gels, and capillary transferred to positively charged nylon membrane under alkaline conditions as described [16] . 32 P-labeled probe was generated by random-primed labeling (New England Biolabs) using a 9.1 kb rDNA repeat as template [16] . Southern data were acquired with a Typhoon 9400 PhosphorImager using ImageQuant software (Amersham Biosciences).
Immunofluorescence
Immunofluorescence localization was done as described [19, 20] using cell culture supernatant diluted 1/5 and ascites fluid diluted 1/500. Affinity purified polyclonal antibody against Nop2p (APpAb3) [23] was diluted 1/40. Secondary Cy2-conjugated antirabbit and Cy3-conjugated antimouse antibodies (Jackson ImmunoResearch Laboratories) were diluted 1/200. DAPI (4 0 ,6-diamidino-2-phenylindole) was present in mounting medium at a final concentration of 0.1 lg/ml. mAb 32D6 against Nsp1p and related nucleoporins was diluted 1/1000. Digital images were acquired with a Zeiss Axiophot microscope equipped with a CoolSnap HQ CCD camera (Photometrics) and IP Lab software (Scanalytics). Optical sections were acquired using a Leica DMR microscope and computationally processed to remove out-offocal-plane light.
Immunoprecipitation
Cells in IP buffer (50 mM Tris-HCl, pH 8, 150 mM NaCl, 1 mM EDTA, 0.5% Nonidet-P40) plus 5 mM sodium butyrate, 10 lM trichostatin A, 5 mM nicotinamide, 1 mM DTT, and protease inhibitors [18] were vortexed with 0.5 mm acid-washed glass beads for 30 min at 4°C. Lysates were clarified by centrifugation for 5 min at 13,200 rpm (16,100g max ) and added to 20 ll of Protein GSepharose beads (Pharmacia) with bound mAb 40E10. After an overnight binding step, beads were washed five times with IP buffer, once with IP buffer lacking NP-40, resuspended in SDS sample buffer, and boiled 5 min. Proteins were separated in a 10.5-14% Criterion gel (BioRad Laboratories), and coomassie blue stained Acs2p bands were excised, reduced with DTT, alkylated with iodoacetamide, and digested in-gel to yield peptides that were analyzed by the mass spectrometry (MS) core facility at the UF ICBR.
Replicative aging methods
Replicative life span determinations were done by microdissection using a Zeiss Axiolab microscope as described [16] . Replicatively aged yeast cells were obtained following biotinylation, overnight growth in rich medium, and sorting with streptavidin magnetic beads as described [16] .
Results
Monoclonal antibody 40E10 is specific for Acs2p
During the preparation of monoclonal antibodies to a nucleolus-enriched fraction, we identified an antibody, 40E10, that exhibited strong reactivity toward a nuclear antigen in the primary round of screening using immunofluorescence (Fig. 1a) . mAb 40E10 recognizes a single protein with an apparent molecular mass of *75 kDa in whole cell lysates and in fractions highly enriched in nuclei or nucleoli (Fig. 1b) . The nuclear and nucleolar fractions used in this analysis have been extensively characterized [18, 19, 24] . Nucleoli are prepared by digestion of nuclei with DNase I in buffer containing a low Mg ?? concentration, followed by treatment with heparin, which reduces the amounts of DNA and histones in the nucleolus-enriched Western blotting with mAb 40E10 of whole cell extracts from strains T2-3D (WT), GG621 (acs1D), and GG625 (acs2D). e Immunoprecipitation (IP) with mAb 40E10 from a yeast nuclear fraction (N) was followed by SDS-PAGE and coomassie staining. Lane N represents *5% of the total used for lane IP. Immunoglobulin heavy and light chains migrate at *50 and *25 kDa, respectively. Positions of molecular weight markers are shown (in kDa). Arrowheads point to bands of *75 kDa fraction [18] . This suggests that the association of Acs2p with the nucleolus may not be entirely dependent on the presence of chromatin in the nucleolus. In order to characterize the 40E10 antigen, we screened an expression library containing yeast genomic DNA inserts in kgt11. Three positive clones were identified and fell into two overlapping classes based on restriction analysis. DNA sequencing showed that the largest positive k clone contained a *3.1 kb region of chromosome XII near the rDNA repeat (approximate coordinates 444700 to 447800) (Fig. 1c) . This region contains the entire ACS2 open reading frame on the Crick strand (i.e., the library clone did not encode a b-galactosidase fusion protein). Expression of full-length Acs2p was confirmed by analyzing a protein lysate from an E. coli lysogen carrying the clone with the *3.1 kb insert. The *75 kDa protein expressed by the k lysogen co-migrated with protein detected in yeast (Fig. 1b) . Acs2p has a predicted molecular weight of 75,491 Da, which is in excellent agreement with the apparent size of *75 kDa on SDS gels.
Acs1p and Acs2p in S. cerevisiae are 56% identical (82% similar) in a FASTA alignment over the entire length of Acs2p (683 amino acids) (data not shown). Given this similarity, we determined if 40E10 specifically recognized Acs2p by carrying out immunoblotting, immunoprecipitation, and immunofluorescence experiments using acs1D and acs2D deletion strains. Immunoblotting shows that 40E10 recognizes a *75 kDa band in whole cell extracts from WT and acs1D strains, but not from an acs2D strain (Fig. 1d) . A band of 75 kDa was also immunoprecipitated by 40E10 from extracts prepared from isolated nuclei (Fig. 1e ) and whole cells (data not shown). The 75 kDa protein was identified by MS as Acs2p, with over 50% coverage of predicted tryptic peptides (data not shown). No Acs1p was detected in the MS analyses (data not shown). Thus, mAb 40E10 is specific for Acs2p and shows no detectable cross reactivity with Acs1p. Acs2p is localized primarily to the nucleus Preliminary immunofluorescence data indicated that mAb 40E10 reacted with a nuclear antigen (Fig. 1a) , but did not shed light on the intranuclear localization of Acs2p. Thus, we studied the intracellular localization of Acs2p in greater detail. Immunofluorescence showed that 40E10 detects a predominantly nuclear signal in WT and acs1D strains, but not in the acs2D strain (Fig. 2a, e, i) . Long exposures of acs2D cells shown in Fig. 2i showed only background levels of staining comparable to control samples not incubated with primary antibody (data not shown). Furthermore, in some cells, nuclei are oriented in such a manner that the nucleoplasm (stained with DAPI) can be seen on one side of the nucleus, and the nucleolus (stained with anti-Nop2p antibody) can be seen on the other side. In these cells, the nucleolus appears crescent shaped or semicircular. In order to illustrate this relationship, pairs of arrowheads are used in Fig. 2 to denote side-by-side positioning of nucleoplasm and nucleolus. Comparison of the 40E10 staining pattern to positions of the nucleoplasm and nucleoli reveals that Acs2p is localized in both the nucleoplasm and nucleolus (Fig. 2a, e, m) .
In order to better resolve the intranuclear localization of Acs2p, we examined optical sections collected with a ''deconvolution'' microscope. Optical sections through the middle of the nucleus reveal that Acs2p is distributed in a somewhat heterogeneous pattern in the nuclear interior in both the nucleoplasm and nucleolus, as expected (Fig. 2m) . Importantly, there is no evidence of colocalization of Acs2p with mitochondria, which contain nucleoids that are stained with DAPI (see punctate cytoplasmic staining in Fig. 2c, g, k, o) .
The intranuclear staining pattern appears relatively uniform in some cells, but granular or punctate in other cells (Fig. 2a, e, m) . This granular or punctate staining pattern is different from the punctate staining pattern associated with nuclear pore complexes, which are distributed at the nuclear periphery (Fig. 2p) . Although the nuclear distribution pattern of Acs2p is different than the distribution of the pore complexes, we cannot rule out the possibility that some Acs2p is localized near or at the nuclear envelope. In some cells, Acs2p is partly localized in the cytosol, where a punctate or granular staining pattern is seen (Fig. 2a, e) . The staining pattern of Acs2p does not change significantly over the course of the cell cycle. Unbudded cells in G 1 , small budded cells in S phase, and large budded cells in G 2 -M show similar staining patterns (Fig. 2) . During G 2 -M, Acs2p colocalizes with the elongate nucleus that extends through the bud neck (Fig. 2m, BN,  bud neck) . Finally, the distribution of Acs2p appears the same in WT and acs1D cells (Fig. 2a, e) , indicating that Acs1p is not required for nuclear localization of Acs2p.
ACS2 is required for a normal replicative life span Nuclear localization of Acs2p lead us to consider the effects of nuclear acetyl-CoA synthesis on RLS. Acetyl-CoA is utilized by histone acetyltransferases during chromatin modification, which is known to regulate silencing and influence RLS [8, 9] . In order to analyze RLS, it was necessary to use an agar medium containing ethanol as the carbon source rather than glucose. acs2D strains are inviable on glucose media because ACS1 is glucose repressed and yeast require at least one functional acetyl-CoA synthetase (i.e., a double acs1D, acs2D mutant is inviable) [14] . Thus, the RLS of WT and mutant strains were determined using standard techniques on rich ethanol (YPE) medium.
The WT strain T2-3D exhibited a long RLS (Fig. 3a) . The mean RLS for T2-3D was *55 generations, making this strain one of the longest lived strains reported in the literature. In contrast, the acs2D strain GG625 had a comparatively short life span, with a mean RLS of *17 generations (Fig. 3a) . The acs1D strain GG621 had a mean RLS of *47 generations on YPE medium, which was similar to strain T2-3D (Fig. 3a) , but distinguishable from it by the Wilcoxon signed pair rank test (P \ 0.05).
Given the long RLS of the WT and acs1D strains on medium-containing ethanol, we examined RLS on YPD medium containing 2% glucose, which is widely used for yeast RLS assays. The life spans of WT and acs1D strains were reduced by approximately 25-33% on YPD medium compared to YPE medium (Fig. 3a, b) . The average RLS for T2-3D on YPD was *35 generations, and the average RLS of the acs1D strain GG621 on YPD was *23 generations. Thus, both WT and acs1D strains exhibited a shorter RLS on glucose-containing medium compared to ethanol-containing medium. This may be a result of a higher respiratory rate and/or upregulation of stressresponse pathways on ethanol-containing medium.
One explanation for the short RLS of the acs2D mutant is that the absence of ACS2 leads to a physiological deficit that shortens life span. In order to evaluate this, we examined the growth rate and cell cycle phase at senescence (i.e., the ''terminal cell phenotype'') of the acs2D strain. In YPE medium, the growth rate of the acs2D strain was 54% slower than the WT and acs1D strains (Fig. 3c) . Specifically, the T2-3D (WT) and GG621 (acs1D) strains had log phase doubling times of 2.2 h, whereas the GG625 (acs2D) strain had a doubling time of 3.4 h. However, the acs2D strain achieved the same cell density at saturation in YPE medium as the WT and acs1D strains (OD 600 = 1.7-1.8). In order to examine the cell cycle phase at senescence, the bud size was determined for each senescent cell in the RLS experiments (Fig. 3a, b) . Bud size is a reliable predictor of cell cycle stage (i.e., no bud = G 1 , small bud = S, large bud = G 2 /M). Typically, a preponderance of senescent yeast is unbudded cells in G 1 [25] . Consistent with this, we found that the majority of WT, acs1D, and acs2D senescent cells were unbudded on YPE medium (Fig. 3d) . On YPD, WT and acs1D strains stopped dividing with roughly equal numbers of unbudded and large-budded cells (Fig. 3d) . These data indicate that the acs2D mutant exhibits reduced fitness during log phase growth, but that growth to saturation and cell cycle progression prior to senescence in the acs2D strain is comparable to WT and acs1D strains.
Elevated levels of extrachromosomal rDNA circles (ERCs) in acs2D cells
The short RLS of the acs2D strain suggests that levels of ERCs may be elevated during replicative aging in acs2D cells compared to the more long-lived WT and acs1D strains. This expectation was confirmed by Southern blotting (Fig. 4) . For this analysis, WT, acs1D, and acs2D strains were grown on YPE medium, and cells with average ages of 8.6, 7.8, and 7.4 generations, respectively, were isolated using a standard sorting method [16] . Young cells were isolated in parallel and had average ages of *2 generations. ERC monomers and multimers were evident in *7-generation-old acs2D cells, but not in *8-9-generation-old WT and acs1D cells (Fig. 4, arrowheads) , which is consistent with the short life span of the acs2D strain. The absence of ERCs in 8-9-generation-old WT and acs1D cells was unexpected, given that WT W303 strains contain detectable levels of ERCs at this age [16] . However, the T2-3D strain background is more long-lived than W303 (or BY) strains when grown on rich medium containing ethanol as a carbon source, and the absence of ERCs in WT and acs1D strains is consistent with this. As expected, ERCs were not detected in young cells from the different strains (Fig. 4) .
Silencing of the rDNA locus is reduced in the absence of ACS2
The short RLS and presence of elevated levels of ERCs during replicative aging suggested that silencing at the Mother cells (n C 45 for each strain/medium) at the end of the life span were scored for bud presence and size as described [16, 25] rDNA locus was compromised in the acs2D mutant. In order to test this directly, reporter strains were generated by integrating plasmid pJPA118 containing the URA3 gene into the rDNA locus of WT, acs1D, acs2D, and sir2D strains (see Materials and methods). WT and acs1D strains containing rDNA::pJPA118(URA3) grew poorly in the absence of uracil due to silencing of the integrated copy of URA3 (Fig. 5, -Uracil) . For the same reason, WT and acs1D rDNA::pJPA118(URA3) strains grew well on medium containing the drug 5-fluoro-orotic acid (Fig. 5,  ?FOA) . In contrast, the rDNA::pJPA118(URA3) acs2D strain grew well in the absence of uracil, but poorly in the presence of FOA (Fig. 5) . sir2D strains are well known to exhibit reduced silencing at the rDNA locus, increased ERC production, and reduced RLS [26] . Because of this, a sir2D rDNA::pJPA118(URA3) strain was used as a basis of comparison and found to grow in the absence of uracil, but fail to grow in the presence of FOA, as expected (Fig. 5) . These data indicate that deletion of ACS2 impairs silencing at the rDNA locus and to an extent that is roughly equivalent to the impairment observed in a sir2D strain.
No evidence for acetylation of Lysine-637 in Acs2p
The acetyl-coA synthetase 2 enzymes in S. enterica and mammalian mitochondria are post-translationally regulated by acetylation of a conserved lysine residue, and enzyme activation requires deacetylation by sirtuin family deacetylases. Lysine-637 (K 637 ) in yeast Acs2p lies in a *25 amino acid stretch that is conserved from bacteria to S. cerevisiae and aligns with the acetylated lysine (K 609 ) in S. enterica Acs [27] . We investigated acetylation at K 637 using mAb 40E10 to immunoprecipitate Asc2p with high specificity and yield (see Fig. 1e ). Immunoprecipitations were done using single and multiple sirtuin gene knockout strains [28, 29] grown under a range of conditions to maximize Acs2p lysine acetylation (e.g., different carbon sources, with and without nicotinamide). Microgram amounts of Acs2p were immunoblotted with an anti-acetylated lysine antibody (Cell Signaling Technology mAb Ac-K-103), but only negative results were obtained (data not shown; nanogram quantities of acetylated BSA produced strong positive control signals). Acs2p was also analyzed by MS. Digestion with Asp-N, Lys-C, or trypsin yielded peptides that corresponded to 21-54% coverage of Acs2p, unequivocally identifying the immunoprecipitated protein (data not shown). However, only Asp-N permitted good detection of the region of interest around K 637 . Multiple forms of the Asp-N-generated peptide DLPRTRSGK 637 IMRRVLRKVASNEAEQLG were observed, including peptides due to cleavage on the N-terminal side of E 650 and E 652 . In all cases, only the unacetylated form of this peptide was identified with confidence, including verification by manual interpretation of MS/MS spectra ( Supplementary Figure and data not shown) .
Discussion
Acetyl-CoA functions as an acetyl donor in numerous biosynthetic and regulatory pathways in cells. Among these is post-translational modification of proteins by acetylation, which has been implicated in regulating gene activity and aging [30] . We have prepared and characterized a monoclonal antibody against Acs2p and used it to investigate Acs2p localization and function. Cell fractionation and immunofluorescence studies indicate that Acs2p is localized primarily in the nucleus, including the nucleolus, with a minor amount in the cytosol. The nuclear distribution of Acs2p agrees with results from genome-wide protein localization studies and GFP-fusion protein studies that
Southern blot analysis of DNA from young and replicatively aged cells. Yeast cells were isolated by biotinylation and magnetic sorting [16] . Bud scars were stained with calcofluor and counted to determine average replicative age. The average age of sorted cells from wild-type (WT), acs1D, and acs2D strains was 8.6, 7.8, and 7.4 generations, respectively. DNA was extracted using standard methods and analyzed by Southern blotting using an rDNA probe. Individual chromosomes are not resolved in this agarose gel and migrate as a single broad band (arrow). Monomeric extrachromosomal rDNA circles (ERCs) migrate faster than the chromosomal band, whereas multimeric ERCs migrate slower (arrowheads denote ERC bands)
conclude that the majority of Acs2p is present in the nucleus [8, 31, 32] . Nuclear localization may explain one or more of the interactions between Acs2p and other nuclear proteins that have been reported in the literature [33] [34] [35] [36] . Acs2p does not contain a canonical nuclear localization sequence (NLS). Thus, either Acs2p contains a non-canonical NLS that mediates direct transport to the nucleus or Acs2p is transported to the nucleus indirectly via an interaction with an NLS-containing nuclear protein.
In addition, while its steady-state distribution is predominately nuclear, Acs2p may dynamically shuttle between the nucleus and cytoplasm. The nuclear localization of Acs2p indicates that the nucleus is a site of active acetyl-CoA synthesis in yeast. This raises the interesting question: why is acetyl-CoA synthesized in the nucleus? Recent studies have shown that acetyl-CoA synthesized in the nucleus is required for histone acetylation and global transcriptional control [8, 37] . In addition, acetyl-CoA synthesized in the nucleus may be used for biosynthetic purposes. A number of enzymes involved in lipid synthesis have been localized to the nucleus, including the nuclear interior as well as the nuclear envelope [32] . For example, we have previously shown that the homocitrate synthase isozymes Lys20p and Lys21p are localized to the nucleus in yeast [19] . Lys20p and Lys21p carry out the first step in lysine biosynthesis, which requires acetyl-CoA. And, acetyl-CoA carboxylase (Acc1p) catalyzes the initial, acetyl-CoA consuming, ratelimiting step in fatty acid synthesis and is associated with the nuclear envelope and endoplasmic reticulum [38] .
Our studies show that Acs2p is required for yeast replicative longevity. We initially hypothesized that the absence of Acs2p would extend RLS based on our understanding of how SIR2 regulates life span. Sir2p is an NAD ? -dependent deacetylase that promotes longevity by maintaining silencing of the rDNA repeat cluster [39] . We hypothesized that deletion of ACS2 would reduce acetylCoA levels in the nucleus, which would promote silencing and extend RLS. However, contrary to this hypothesis, we found that an acs2D mutant had a short RLS. An acs1D mutant was also more short-lived than the WT strain, but not to the same extent as the acs2D mutant. Thus, extension of RLS was not observed in either mutant. Consistent with its effect on RLS, only the acs2D mutation lead to increased levels of ERCs in aging cells and impaired silencing at the rDNA locus. Given the intracellular localization of Acs2p, we conclude that nuclear acetyl-CoA synthetase activity is required for rDNA silencing and replicative longevity in yeast.
We note that the WT, acs1D, and acs2D strains used in our life span studies were in a diploid prototrophic genetic background. The lack of auxotrophies in these strains may promote longevity to some extent compared to more commonly used strains (e.g., W303, BY) carrying auxotrophic markers. However, diploidy in these strains probably does not contribute to longevity given that diploids have been found to be no more long lived than haploids [40] .
Exactly how acetyl-CoA synthetase activity in the nucleus is functionally linked to rDNA silencing and replicative longevity remains an interesting question. AcetylCoA synthesized in the nucleus is used by histone acetyltransferases to regulate gene expression [8] , but reduced histone acetylation is predicted to extend RLS. This suggests that acetylation of other nuclear proteins involved in the regulation of silencing may be the mechanism by which Acs2p promotes longevity. The relatively small effect of the acs1D mutation on RLS may be related to retrograde signaling. Activation of the retrograde pathway is associated with replicative longevity in yeast [41] , and ACS1 is known to be upregulated in respiration deficient yeast (q 0 ) in a retrograde pathway dependent manner [42] . Thus, elimination of ACS1 may reduce the contribution of retrograde signaling to replicatively longevity. It is also possible that acetyl-CoA is utilized for biosynthetic steps that play a role in silencing and longevity. Consistent with this, an enzyme required for ceramide biosynthesis, Lag1p, has been shown to be required for replicative longevity in yeast [43] . It will be interesting to see how future studies of acetyl-CoA utilization in the nucleus resolve the paradoxical effect of the acs2D mutation on RLS.
